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a b s t r a c t
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Practical implications
Heat waves, particularly the combination of locally aboveaverage day and night-time temperatures with high humidity many days in a row, negatively impact human health. The human body cannot tolerate conditions exceeding 37°C. At temperatures of 27°C and a relative humidity of 40%, some healthy individuals may begin to experience heat stress with prolonged activity or exposure. Heat stress causes fatigue, headache and muscle cramps, while heat stroke can lead to death, even among healthy people. Certain groups of people -those with chronic health conditions like diabetes or high blood pressure, and farmers, construction workers, and other outdoor laborers -are at greater risk of suffering heat stress and heat stroke during heat waves. Consecutive days and nights of extreme heat sap workers' strength, exacerbate underlying health conditions, and can lead to heat stress and increased risk of death.
The number of heat waves is increasing worldwide due to climate change and land-use development. Cities magnify the effects of heat waves by concentrating heat emissions (and air pollution) from vehicles and air conditioning units, and by trapping and absorbing heat between buildings and the pavement. This combination of development and land-use leads to urban heat islands where urban temperatures may be up to 10°C warmer than surrounding suburban areas or farmland. Thus, heat waves in cities can have an even worse impact on occupational heat exposure than in peri-urban or rural areas.
Heat indices are tools issued by public health departments and meteorological agencies to notify the public when dangerous temperatures and humidity have been reached. There are a number of commonly used heat indices; which one is used depends on the availability of certain meteorological observations, ease of use and historical precedence at the location.
This article discusses historical trends and future climate projections in day and night-time heat indices for the city of Da Nang, Vietnam. The analysis was conducted as climate services in support of an occupational heat health and safety project led by the Center for Community Health and Development (COHED) as part of the larger Asian Cities Climate Change Resilience Network (ACCCRN) initiative. COHED worked with the Labor Safety Department of the Ministry of Labor, Invalids and Social Affairs (MOLISAnational level ministry) and the Department of Labor, Invalids and Social Affairs of Da Nang (DOLISA) to evaluate heat-health safety conditions and awareness at three enterprises, develop workplace educational materials, and train the enterprises on heat safety activities.
The Vietnam Standard and Quality Institute (SQI) and the Ministry of Health (MOH) have issued general heat-humidity threshold guidelines for workplaces throughout Vietnam. The study used day and night-time temperatures and humidity projections from multiple climate models to calculate how many times per year the heat index might exceed the safety thresholds specified by the MOH by 2050. The daytime thresholds were set as: 1) 32°C from the MOH average thermal comfort temperatures for light work; 2) 28°C for average MOH thermal comfort temperatures for heavy labor; and 3) 37°C as the absolute physiological threshold. The night-time temperature threshold was set at 28°C as prolonged exposure at this value following excessively hot days can contribute to fatigue and heat cramps (NWS, 2014) , and many of Da Nang's workers report a lack sufficient cooling mechanisms in their homes (Dao et al., 2013) .
By 2050, Da Nang's workers and populations are at serious risk of suffering heat stress and heat stroke without additional adaptation assistance by the government and employers. The study revealed the following:
The average heat index during the day is continually above 37°C during April through October, with some days approaching this absolute threshold as early as March and as late as November. The hot season may be two to three months longer than it was over the period of 1970-2011. During the hottest months (June to August), the average nighttime heat index averages around 29.4°C.
Da Nang is a rapidly growing port city on Vietnam's central coast. Significant amounts of land are being developed for buildings and roads to accommodate a thriving tourism sector, growing industries and universities. Previous research by the Institute for Social and Environmental Transition-Vietnam (ISET-VN) and the Centre for Health Education and Development (COHED) found that the city is home to a number of low-income, migrant laborers employed in construction, self-employed workers (e.g. street vendors), and small businesses. These populations often do not have air conditioning during the day while at work and are reluctant to take rest breaks for fear of lost wages or business incomes. At night, these poorer populations already have a difficult time finding respite from the heat, as they tend to live in lower quality housing with little insulation, poor ventilation and reduced access to air conditioning. Public awareness about the risks of heat stress and heat stroke remains low, even among employees of mid to largescale businesses.
Climate change, plus Da Nang's rapid urban development, will greatly increase the number of days and nights in which the heat index safety thresholds are exceeded. The lack of cooling at night will negatively impact recovering capacities while people sleep, exacerbating pre-existing health conditions and reducing their labor capacities during the day. Construction workers, street vendors, police and fishermen (all outdoor workers), and indoor workers engaged in manufacturing or sewing, or those in poorly ventilated and constructed buildings will be particularly hard hit. COHED, along with MOLISA and DOLISA, are working together to deliver education and outreach campaigns to businesses around occupational heat exposure, the dangers of heat stress and stroke to employees during heat waves, and what measures should be taken to reduce risks.
Introduction
Hot weather is recognized as detrimental to human health and labor productivity when temperatures and humidity exceed physiological thresholds (Huang et al., 2011; Smith et al., 2014) . Previous research demonstrates that particular groups are more susceptible to suffering negative heat impacts -manual laborers and those working outside (Hanna et al., 2011; Kjellstrom et al., 2009; Kjellstrom, 2009 ); those with low incomes and/or socially isolated who may be living in poorly insulated buildings, lack air conditioning and/or living on the upper floors (Chapman et al., 2009; Curriero et al., 2002; Rey et al., 2009; Jabeen and Johnson, 2013) ; the elderly, young and those with pre-existing health conditions (Green et al., 2001; Zeng et al., 2012) ; and, some urban dwellers (Harlan and Ruddell, 2011; Mueller et al., 2014) .
The combination of high ambient temperatures with humidity can lead to conditions exceeding the human physiological heat tolerance limit of 35-37°C, at which the body can no longer cool through sweating (USGCRP, 2016) . High ambient temperatures, particularly when accompanied by high humidity, can place tremendous stress on the human body. During periods of heat exposure, the body responds with thermoregulatory functions, sweating being the primary mechanism. If core body temperature exceeds 37°C (skin surface temperature of 35°C) for sustained periods, hyperthermia can ensue (Sherwood and Huber, 2010) . At ambient temperatures of 27°C and a relative humidity of 40%, healthy individuals may begin to experience increasing fatigue and irritability with prolonged activity or exposure (Kovats and Hajat, 2008) . Individuals with underlying health conditions may have reduced heat tolerance due to impaired physiological thermoregulation and can experience heat stress and stroke at lower thresholds than healthy individuals (Semenza et al. 1999; Kenny et al., 2010) . The actual thermal comfort of a particular individual is determined through a number of factors such as air temperature, humidity, radiant temperature, wind, level of physical activity and metabolism, clothing, and underlying health conditions (Segal and Pielke, 1981; Parsons, 2006) .
Weather conditions in conjunction with health status, workload and rate, outdoor worker exposure to sunlight and wind, indoor workers exposure to radiant heat sources or without adequate ventilation, or those workers not acclimatized can lead to heat stress and stroke in the workplace (Lucas et al., 2014; USGCRP, 2016) . Consecutive days and nights of extreme heat can further exacerbate heat-related health risks, as workers without access to adequate cooling at night may have a harder time recovering from daytime exposure. Despite this scientific and medical recognition, general business awareness of extreme heat exposure and occupational health risks remains low, and regulatory standards for heat illness prevention programs for different occupations in various countries may be lacking or inconsistent (Gubernot et al., 2014; Arbury et al., 2014) .
Climate change is projected to increase the number of hot days and nights, extend the length of the hot season and lead to a greater number of heat waves in many urban areas throughout Asia (Mishra et al., 2015; Ma et al., 2016; IPCC, 2012) . The implications of current extreme heat exposure on occupational health and labor productivity are being investigated (Gubernot et al., 2014; Pantavou et al., 2011) , and research and policy interest is growing in projecting how climate change might influence future heat exposure and occupational health risks (USGCRP, 2016; Huang et al., 2011; Hanna et al., 2011) .
This article discusses historical trends and future climate projections in day and night-time heat indices for the city of Da Nang, Vietnam. The analysis was conducted as climate services in support of an occupational heat health and safety project led by the Center for Community Health and Development (COHED) as part of the larger Asian Cities Climate Change Resilience Network (ACCCRN) initiative. COHED worked with the Labor Safety Department of the Ministry of Labor, Invalids and Social Affairs (MOLISAnational level ministry) and the Department of Labor, Invalids and Social Affairs of Da Nang (DOLISA) to evaluate heat-health safety conditions and awareness at three enterprises, develop workplace educational materials, and train the enterprises on heat safety activities. The three enterprises -The Chemical Industry Company Central Mine Central, Da Nang Steel Company and VINACONEX 25 (a construction company) -represent working conditions to which workers may be exposed to sun, wind, heavy work loads and/or radiant heat. The project training materials and heat guidelines are being integrated into provincial training agendas for all Da Nang companies and enterprises after piloting at the three enterprises.
Da Nang's context
Da Nang is a port city, located on Vietnam's central coast, with a tropical (hot and humid) climate dominated by a dry season that lasts roughly from April to August, and a wet season from September to March (see Fig. 1 ). The humidity rarely drops below 60% in the city, averaging roughly 80% and the mean annual temperature is 25.9°C. As the city has experienced rapid development in the past few decades, the large number of buildings and roads, more cars and air conditioners are trapping excess heat in the city and making it hotter than the surrounding agricultural lands. Urban heat island effects can make its dense urban development areas between 4 and 6°C warmer than the surrounding rural areas (Nguyen and Huynh, 2015) . The naturally hot and humid climate, coupled with the urban heat island, can create extreme heat conditions that have a broad range of negative health impacts on the city's residents and workers. Previous vulnerability assessment work indicates a low level of awareness of certain segments of Da Nang's population and businesses of the potential dangers of extreme heat events (Dao et al., 2013) .
The same research into worker vulnerability to heat stress in Da Nang found that unregistered migrant laborers, often selfemployed, were particularly vulnerable (Dao et al., 2013) . Due to lack of registration, they are not able to access public services and healthcare, leaving medical conditions untreated, and often rent low-quality housing prone to overheating and allowing no relief at night. Poor women, freelance entrepreneurs and outdoor workers employed by small and medium-size businesses also face significant heat stress issues while at work, with employers having little knowledge of workplace safety regulations and minimal knowledge of heat stress. Da Nang also is rapidly urbanizing and growing as a tourist destination, spurring growth in the construction industry and related, supporting industries. Manufacturingelectronics, machinery, chemicals, etc. -also plays a predominant role in Da Nang's economy (GSO, 2009) . Workers in construction and manufacturing are often exposed to high heat conditions through workload and radiant heat sources (sunlight or machinery). These sets of workers are among Da Nang's most vulnerable to suffering occupational heat stress and stroke.
Heat and humidity workplace guidelines for Vietnam
The Vietnam Standard and Quality Institute (SQI) and the Ministry of Health (MOH) have issued general heat-humidity threshold guidelines for workplaces throughout Vietnam. A number of heat indices (e.g. Predicted Heat Strain Model, Universal Thermal Climate Index, Effective Heat Strain Index, etc.) have been developed to account for a broad range of meteorological conditions and assumptions around physical activity, clothing, and body mass Fig. 1 . Da Nang's location and climatology. (Epstein and Moran, 2006; Blazecjzyk et al., 2012) . The most common heat indices are the Apparent Temperature (AT) and the Wet Bulb Globe Temperature (WBGT). The AT is an empirical human body -heat balance relationship and can be calculated directly from standard meteorological variables (Steadman, 1979a (Steadman, ,b, 1984 . This makes it a particularly useful index for estimating possible climate change impacts on heat stress. The WBGT is a heat index developed by U.S. Army and Marine Corps to protect soldiers working outdoors (heavy physical activity), with heavy clothing in high heat, humidity and sunny conditions in the 1950s (Yaglou and Minard, 1957) .
The MOH and SQI guidelines are based on Yaglou and Minard's WBGT for the following temperature, humidity, wind and solar radiation conditions in Table 2 (MOH, 2002; SQI, 2009 ). The government guidelines do not specify whether the weather conditions must occur over a particular time period, for example an hour or a few hours. Workload rates are demarcated according to heart rate as measured over a three-minute period, see Table 1 .
Methodology
The analysis of Da Nang's historical day and night-time heat index trends and potential climate change impacts on ambient temperatures and heat indices involved multiple steps, which are described here. The first portion of the analysis involved determining which heat index to use, based on ease of use in the workplace and available data. Historical climate data for Da Nang were surveyed for availability, quality and completeness, and then compiled into an area-averaged dataset for the period 1970-2011. The historical dataset was used to analyze trends in day and night-time ambient and heat index temperatures, and to evaluate the bias of a set of climate models. Statistical downscaling and bias correction of the climate model variables was then conducted. These bias corrected, projected variables were then used to calculate potential shifts in daytime and night-time heat indices over the period of 2020-2049. Each step is described below.
Selection of heat indices for analysis
The WBGT heat index workplace thresholds specified in Vietnamese policy require non-standard meteorological instruments for measurements. Many workplaces do not have or maintain WBGT thermometers. While WBGT components can be approximated from standard meteorological variables, the relationships for approximation are not standardized and it has been known to lead to over-or under-estimation (which could potentially be dan-gerous) of actual heat conditions (Budd, 2008; Srinavin and Mohamed, 2003) . Non-meteorologists -e.g. public health officials and workplace safety officers -wishing to estimate heat stress risk and issue warnings may find the WBGT non-intuitive to calculate in situations where climate services must be done in house. Furthermore, of the Da Nang businesses surveyed in previous work, few had regular thermometers onsite and none had globe thermometers (Dao et al., 2013) . For these reasons, it may be preferable to use AT or a derivative of it in estimating heat stress conditions where only standard meteorological variables are available.
There are three simplified AT formulas -one for indoor, one for outdoors in the shade, and one for outdoors in the sun (the equations for outdoors are not presented here, see Steadman, 1984) :
where AT and T (ambient temperature) are in°C and p is vapor pressure in kPa. Vapor pressure is empirically derived; we used Bolton's (1980) formula for this investigation. The simplified AT indoor formula was used to evaluate trends and project future shifts in nighttime thermal comfort.
As COHED began working with the three enterprises in Da Nang, it was found that both the MOH weather condition thresholds and the AT were too complicated for workplace safety officers. A simplified, visual heat index -NOAA's National Weather Service (NWS) Heat Index -was found to be far more understandable and easier to implement for monitoring workplace heat exposure conditions and prompting protective actions at different thresholds.
The NWS Heat Index (HI) was developed through multiple regression analysis of Steadman's equations for radiation and wind exposure, as a way of using only two conventional independent variables -ambient temperature and relative humidity. Solar radiation, windiness, clothing resistance and human physiology and workload are implicitly assumed in the NWS index (Rothfusz, 1990) . Even though this index was designed for outdoor working conditions, in practice it is being used in indoor and outdoor work environments (MSU, 1999; NIOSH, 2016) . Thus, the NWS HI was used for daytime calculations in this study. There are two equations for calculating the daytime HI pertinent to Da Nang's climatological conditions, where T is in°F and Rh in percent:
General HI for ambient temperatures above 80°F and relative humidity above 40%: HI = À42.379 + 2.04901523T + 10.14333127Rh À 0.22475541TRh À 6.83783 Â 10 À3 T 2 À 5.481717 Â 10 À2 Rh 2 + 1.22874 Â 10 À3 T 2 Rh + 8.5282 Â 10 À4 TRh 2 À 1.99 Â 10 À6 T 2 Rh 2 For conditions where RH is greater than 85% and the ambient temperature between 80 and 87°F, the following adjustment is subtracted from the HI: Fig. 2) . The test three enterprises found the NWS HI table the easiest to use given current capacity and access to either weather forecasts and/or onsite measurements.
Dataset compilation
Daily data were collected for the following variables in order to calculate AT: 2-m minimum and maximum temperature, relative humidity, and 10-m wind speed. Data over the historical period 1970-2011 were collected from meteorological records compiled from a number of sources (Table 3) to create an area-averaged dataset. The projected values of these variables over the periods 1970-2005 and 2006-2055 were downloaded from six general climate models (GCM), two scenarios each (RCP 4.5 and 8.5), from the CMIP5 data portal. The six GCMs were selected through the evaluation of literature on the performance of the models in replicating key climatological characteristics over the Southeast Asia region (Lee and Wang, 2012; Song and Zhou, 2014) . Due to time constraints, it was not possible to independently verify GCM model performance or to evaluate additional GCMs beyond those selected for this study (see Table 3 ). Da Nang has a highly heterogeneous topography, from sea level to mountains over a distance of less than 20 km; this complex geography greatly influences localized wind patterns and heat pockets. Additionally, the city has undergone rapid land use change and development, also altering localized heat patterns (Nguyen and Huynh, 2015) . The current (and historical) placement of meteorological stations cannot capture the diversity of conditions in the city. Additionally, significant portions of data were missing over the period of 1973-1993 as a legacy of the American/Vietnam War. Based on these caveats, area-averaged datasets of select variables were compiled from multiple sources for the period of 1970-2011, as described in Moore et al. (2012) . The datasets incorporated from NCEP Reanalysis data (1973) (1974) (1975) (1976) (1977) (1978) and ERA-Interim data (1978 -1993 , introducing some errors difficult to correct in the historical dataset. The potential implications of these errors are discussed in the results section. 
GCM skill testing
A number of standard skill tests were run to assess the models' ability to hindcast (replicate) seasonality and reasonably (quasisubjective) replicate observational moments (mean, standard deviation and skew) for all of the variables over the period of 1970-1999 . Tests also included a correlation of the hindcast variables with the observational datasets. As described previously, the poor quality and spatial representation of historical datasets means that some subjective interpretation of skill scores is necessary. Some of these skill score results are summarized in Taylor Diagrams, presented in the results section.
Downscaling and bias correction
General circulation models (GCMs) simulate the interactions between the land, ocean and atmospheric processes that influence climate, but they do so on a large-scale, typically between $100 and $300 km. They cannot fully capture local climate processes, such as the city-scale ($5-50 km) and generally have large biases in simulating local fields like precipitation (Kripalani et al., 2007; Jourdain et al., 2013) . As a result, it is necessary to downscale and/or bias correct GCM output when deriving estimates of potential future climate impacts at the local scale. The GCM skill testing mentioned in Section 5.3 is used to analyze models' biases and ability to capture a location's climatology.
We employed a quantile mapping technique to statistically downscale the four variables and correct for model bias without losing the important climate change signals embedded in the model projections. There are many methods for downscaling and bias correcting GCM output; these methods fall into either a dynamical or statistical downscaling category (Opitz-Stapleton and Gangopadhyay, 2011; von Storch et al., 2000; Wilby et al., 2004) . It is beyond the scope of this article to discuss the tradeoffs between different downscaling techniques.
The quantile mapping method has been used in other climate change studies, typically to downscale temperature and precipitation (Quintana-Seguí et al., 2011; Hashimo et al., 2007; Gudmundsson et al., 2012) . The method involves developing a transfer function from the cumulative distribution function (CDF) of the model simulations to match the CDF of the observation data. In order to account for the possibility that climate change will alter the variability and the skew of the distribution over time, in addition to the mean, we used the equidistant mapping method proposed by Li et al. (2010) . We used a linear transfer function after testing other transfer functions to find out the best possible fit over the historical period and used this to shift the projections:
obs ðF m;future ðx m;fut ÞÞ À F À1 m;past ðF m;fut ðx m;fut ÞÞ where x m = the model variable, adj is the downscaled value and fut is the uncorrected model variable. F = a transfer function derived either from the observation data or from the model data. We downscaled each variable separately according to Li et al. (2010) coded in R (v.3.1.1 'Sock it to Me') and drawing from the 'qmap' package (Gudmundsson et al., 2012) .
Calculation of historical and climate change-conditioned day and night heat indices
We calculated both the historical day and night heat indices from the observational data and potential future indices using the downscaled, bias corrected GCM variables. We then analyzed how the range of projected (2020-2049) minimum and maximum ambient temperatures, and daytime and night-time heat indices, changed when compared with the observed values over the period . The number of days (nights) in which the heat index exceeded particular temperature thresholds was also calculated. The daytime thresholds were set as: 1) 32°C from the MOH average thermal comfort temperatures for light work; 2) 28°C for average MOH thermal comfort temperatures for heavy labor; and 3) 37°C as the absolute physiological threshold (see Table 2 and article introduction). The night-time temperature threshold was set at 28°C as prolonged exposure at this value following excessively hot days can contribute to fatigue and heat cramps (NWS, 2014) , and many of Da Nang's workers report a lack sufficient cooling mechanisms in their homes (Dao et al., 2013) .
Results

Model skill scores
The selected GCMs were able to reasonably replicate seasonality in minimum and maximum temperatures and tended to capture minimum temperature variability better than that of maximum temperatures. All models exhibited a cold bias in replicating maximum temperatures except for Miroc-ESM, which had a hot bias. The models did a poor job of replicating 2-m relative humidity. The models failed to capture the area's high humidity patterns, with four out of the six displaying an inverse relationship with the observational relative humidity, even though all of the models showed average high humidity. These results underscore the need for downscaling and bias correction of large-scale GCM output when projecting climate change impacts for highly localized studies (see Fig. 3 ).
Historical trends in ambient temperatures and heat indices
Between 1970 and 2011, there were an average of 246 (264) days per year in which the heat index was equal to or greater than the MOH's recommendations of 32°C (28°C) for light (heavy) labor. Depending on the season, the daytime heat index is $1-6°C warmer than the ambient temperature. There is no trend over the historical period in the number of days in which the heat index exceeds the MOH thresholds, however the number of days exceeding 37°C has been increasing at a rate of 0.3 days/per decade. Seasonal maximum ambient temperatures are increasing at an average rate of $0.2°C per decade during the months of June-August of for Da Nang, which is consistent with trends seen in other studies (Nguyen et al., 2014) .
The number of nights in which the heat index exceeds 28°C remained constant at a median of 51 per year over 1970-1999, but appears to have decreased post-2000 to a median of 26 nights per year. Overall, average night-time ambient temperatures declined by about 0.3°C between 1970 and 2011, with most of the downward trend happening after 1993. While a small decrease, it is statistically significant at the 97.5th percentile according to a non-parametric Mann Kendall trend test.
We speculate that the downward trend seen since 1993 is partially due to the amount of data missing prior to this year, and low station density coupled with lack of metadata for adjusting station deficiencies. There was considerable missing daily data from the station datasets between 1973 and 1993 that was interpolated with ERA-Interim datasets and some NCEP Reanalysis data. While the ERA datasets were highly correlated with the daily minimum temperatures, they did exhibit a hot bias that could have artificially inflated the number of hot nights prior to 1993. The ERA data more closely captured daily maximum temperatures than minimums, and no similar downward trends were seen in day temperatures. The NCEP Reanalysis data is of very coarse resolution ($278.3 km spacing) and was also used to interpolate missing days prior to the years covered by the ERA datasets, also introducing a bias. We do not expect it to continue in the future however, as climate change is likely to warm nights according to the multi-model projections used in this study.
Climate change projections 2020-2049
Multi-model median projections of future day and night ambient temperatures and heat index values under nearly all climate change scenarios show continued warming through 2050 (see Fig. 4 and Table 4 ). Warming is most pronounced in the months leading up to (April and May) and just after (September through November) the hot season, though the very hot season (June to August) will also get warmer. Because of these increases in ambient temperature, the NWS HI during the day continually averages above 52.3°C during May through September, creating dangerous heat exposure conditions for both outdoor and indoor workers. The median heat index during the day is not likely to fall below 43.9°C during any season by 2050, putting both outdoor and indoor workers at risk of heat stress and stroke unless a variety of coping mechanisms are adopted. It is only during the early spring that the multi-model interquartile spread does not project significant increases in ambient day and night temperatures or the respective heat indices.
The total length of the hot season in which the daytime heat index does not fall below 32°C or 37°C may extend by 2-3 months when compared with the historical period (Fig. 5 ). If the daytime heat index threshold of 28°C for heavy labor is used, it is exceeded almost year-round by 2050. The types of change in ambient temper-ature are consistent with previous projections (MONRE, 2011) . Because of climate change, the daytime heat index may be between 0 and 11°C hotter than historical ambient day temperatures (Table 4) .
Ambient temperatures are also expected to increase at night. Night-time heat index temperatures during the hottest months (June to August) are not likely to drop below an average of 29.4°C, reducing recovery capacity at night while sleeping. The number of nights per annum in which the heat index exceeds 28°C is likely to range between 131 and 170 nights per year according to the interquartile spread, with a mean of 149 nights per year by 2050. This is nearly three times the number of hot nights over the early historic period and five times the number averaged after 1999.
Discussion
According to the multi-model projections employed in this study, climate change is likely to increase ambient day and night-time temperatures and heat index values by 2050 for Da Nang. This study used the Apparent Temperature heat index as an estimate of night-time thermal comfort, which is more widely used by meteorological agencies than the Wet Bulb Globe Temperature index, which is currently employed more by industrial and labor organizations. After testing with three pilot enterprises, the NWS heat index (an approximation of the Apparent Temperature) was used to develop occupational heat stress guidelines and training materials. There are pros and cons to each that we only briefly discussed. While the potential impacts of climate change on We do run into a challenge that the NWS HI index is most appropriate for outdoor use. As far as we can tell from the literature, it has not necessarily been tested for indoor settings -including those with radiant heat sources from machinery, etc. 
Table 4
Median seasonal heat indices at day (NWS HI) and night (AT indoor) over the historical period and the future (2020-2049). The future heat index value is the multimodel median projected value. Average number of days (nights) per season exceeding a particular threshold is also indicated. Additionally, it and the Steadman AT (outdoor -sun and wind) index formula on which it is based has not been verified for conditions beyond the range of those listed in Steadman's original work (Steadman, 1984) . Despite of these caveats however, from a practical standpoint, the businesses in Da Nang are finding this index to be the most intuitive and easiest to use. Given simple thermometer and humidity readings onsite, if such equipment is available, or from daily weather forecast data, the pilot enterprise safety officers were able to estimate heat exposure conditions for their workplace using the NWS HI look-up table. The importance of differences in indoor and outdoor thermal comfort in Da Nang may require additional investigation. From a practical standpoint around developing training programs and awareness, it is not that important, particularly as not all businesses (actual percentage unknown) are still not aware of occupational heat stress and stroke and taking precautionary measures. Low-income workers, migrant laborers and outdoor workers are already struggling to cope with the city's hot and humid climate. Interviews with employees and employers in a previous study found that workplace heat exposure is prevalent, exacerbating existing illness and triggering heat stress symptoms, while increasing financial stress due to decreased labor productivity (Dao et al., 2013) . Despite reporting being negatively impacted by heat, few of the workers or business owners knew of measures they could take to reduce heat stress. The lack of knowledge and capacity translated to largely ineffective coping strategies employed at home during the night, and further perpetuates heat-health complications during the day due to the physical inability to recover at night.
This study, and the related temperature and heat index analysis presented in this article, arose out of the identified lack of awareness of occupational heat exposure and workplace heat-health risk reduction strategies. COHED, MOLISA, and DOLISA are expanding training programs and introducing occupational heat exposure guidelines to enterprises throughout Da Nang (COHED, 2016a,b) . The programs and guidelines contain activities for monitoring daily weather forecasts and site temperature and humidity, then using the NWS Heat Index Table to warn supervisors and workers if dangerous heat conditions are occurring. The materials also educate workers about the signs and symptoms of heat stress and stroke, and actions to take to assist a stricken worker. The companies were provided with recommendations for rest periods, ventilation and protective clothing measures, and providing adequate water to employees.
